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A Virtual Audience System by Using a Speech-Driven Embodied Entrainment Picture
for Supporting Avatar-Mediated Communication
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We have already confirmed the importance of embodied sharing in avatar-mediated communication and have
demonstrated the effectiveness of the entrained nodding responses for human interaction and communication support.
In this paper, in order to support the avatar-mediated communication, a virtual audience system is developed by using
a speech-driven embodied entrainment picture in which interactive CG objects behave as listeners such as nodding
responses. This system provides a communication environment in which not only avatars but also the CG objects placed
around the avatars are related to embodied communication. By using this system, the effectiveness of the present system
in supporting embodied communication has been demonstrated by carrying out a sensory evaluation and a speech-overlap
analysis for 20 pairs of 40 talkers.
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Fig. 1 Example of a virtual face-to-face scene.
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Fig. 2 Concept of a virtual audience system.
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Fig. 5 Setup of the virtual audience system.
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Fig. 7 Example of communication scenes in the selection experiment.
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Fig. 9 Result of sensory evaluation by questionnaire.
3·4 ??????
?????????????????????????????????????????????????
?????????????????? (17) (18)??????????????????????????????
??????????????????????????????? (19)??????????????????
??????????????????????? x(i)??16bit??????????? (±32767)? 1???
?????????????????????? 30 Hz????????????? ON????????? OFF
????ON?????? 5/30?????????? OFF??? ON???????????? 2??????
??????????????????????????? (20)???? 2?????????????????
????? 2?????????? 2??????? 10????????? a??????? A???????
?????????????????????????? 1? 2?????? x1(i)???? 2? 2??????
x2(i)?????????????? (4)??????????
Overlap = 1
N
N
∑
i=1
x1(i)× x2(i) (4)
x1(i) : ??? 1???? x2(i) : ??? 2???? N : ????
[s]
[s]
[s]
Fig. 10 Example of the binary voices.
Entrained modeStatic mode
0
10
20
Role play Free conversation
* P < 0.05
*
[%]
Fig. 11 Result of the overlap in the experiment.
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Fig. 12 Configuration of InterWall.
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Fig. 13 Example scene of the communication experiment.
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??????????t????????? 1%??????????????????????????????
??????????????????????????????????????????????????
???3????????????? InterPicture? InterWall????????????????? 17????
????????????InterPicture? InterWall???????????? 5%??????????InterWall
?????????????????????????????
??????????????????????? 4·5?????????????? 4? 54?????? 2
? 13?????????????? 4? 22?????? 1? 41????????????????????
?????????? 10????????????????? 5? 21?????? 2? 20?????????
????? 4? 1?????? 1? 33?????????? 5%?????????????????????
??????????
0
10
20
30
InterPicture InterWall
[%]
*
* P < 0.05
Fig. 17 Comparison of the result of overlap between
InterPicture and InterWall in the free conversation.
0
2
4
6
8
[min]
Male Female
Entrained modeStatic mode
Total
* P < 0.05*
Fig. 18 Result of the average of the elapsed time
in the consensus building.
4·6 ??
??????????????? InterWall??????????????????????????????
????????????????????????????????????????????????InterWall
??????????????????????????????????????????????????
???????? InterWall??????????????????????????????????????
???????????????????????????????????????????????????
?????????????????????
??????????????????????????????????????????????????
?????????????????????????????????????? 25%??????????
???????????????????????????????????????????????????
??????????????????????????????????????????? (23)??????
?????????InterWall?????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????
??????????????????????????????????????????????????
?????????????????????????
5. ? ? ? ?
????????????????????????????????????????? CG???????
??????????????????????????????????????????????????
?????????????????? CG??????????????????????????????
? InterPicture????????????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
????????????????????????? InterWall?????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
??????????????????????????????????????????????????
???????????????????????????????????????????
? ?
???????????????? (JST)???????????? (CREST)??????????????
??????????????????????????????????????????????????
?????
? ?
(1) CyberAgent, Inc., “??????”,??????, http://pigg.ameba.jp/???? 2011? 9? 30??.
(2) Yonemoto, S., and Taniguchi, R. , “Human Figure Control Software for Real–Virtual Application”, Processing of 8th International
Conference on Information Visualisation, (2004), pp. 858-862.
(3) ???????????????“?????????????????????????”?????????????
??. HIP,?????????, Vol. 109, No. 28 (2009), pp. 71-74.
(4) Watanabe, T., Ogikubo, M., and Ishii, Y. , “Visualization of respiration in the embodied virtual communication system and its
evaluation”, International Journal of Human–Computer Interaction, Vol. 17, No. 1 (2004), pp. 89-102.
(5) Watanabe, T., Okubo, M., Nakashige, M., and Danbara, R. , “InterActor : Speech–Driven Embodied Interactive Actor”,
International Journal of Human–Computer Interaction, Vol. 17, No. 1 (2004), pp. 43-60.
(6) ???????????????“?????????????? VirtualActor??????????????????
????”?????????? C?, Vol. 75, No. 758 (2009), pp. 169-178.
(7) ??????????“??????????????????????????????”?????????????
?????, Vol. 8, No. 3 (2006), pp. 33-42.
(8) ?????????“???? VirtualActor???????????????????????????????”????
??????????????, Vol. 4, No. 3 (2002), pp. 9-16.
(9) ?????“???????????????????? : ?????????????????????????”??
???????????, No. 461 (1994), pp. 87-95.
(10) ????????????????????“????????????????????????”?????????,
Vol. 32, No. 1 (2006), pp. 247-249.
(11) Shibata, S., and Suzuki, N. , “Effects of Indoor Foliage Plants on Subject’s Recovery from Mental Fatigue”, North American
Journal of Psychology, Vol. 3, No. 3 (2001), pp. 385-396.
(12) ?????????“????????????????????????? VirtualActor????????”?????
?????????????, Vol. 4, No. 2 (2002), pp. 43-50.
(13) Condon, W. S., and Sander, L. W. , “Neonate Movement is Synchronized with Adult Speech: Interactional Participation and
Language Acquisition”, Science, Vol. 183, (1974), pp. 99-101.
(14) ???????????????“3DCG??????????????????????????”?????????
?????????, Vol. 9, No. 3 (2007), pp. 87-96.
(15) Sejima, Y., and Watanabe, T. , “An Embodied Virtual Communication System with a Speech–Driven Embodied Entrainment
Picture”, Processing of the 18th IEEE International Symposium on Robot and Human Interactive Communication (RO-
MAN2009), (2008), pp. 979-984.
(16) Watanabe, T., and Yuuki, N. , “A Voice Reaction System with a Visualized Response Equivalent to Nodding”, Advance in Human
Factors/Ergonomics, Vol. 12A, (1989), pp. 396-403.
(17) ?????????????????????????“????????????”???????????. SLP,??
??????, Vol. 2002, No. 10 (2002), pp. 103-108.
(18) ???????????????“??????????????????????????????????”????
??????????????????, No. 48, (2006), pp. 37-42.
(19) ????????????????????“??????????–???????????????????–”????
??????????????, Vol. 9, No. 3 (2007), pp. 97-108.
(20) ??????????????“????????????????????????”???????????????.
IE,????, Vol. 106, No. 398 (2006), pp. 41-46.
(21) Sejima, Y., and Watanabe, T. , “A Speech–Driven Embodied Entrainment Wall Picture System for Supporting Virtual
Communication”, Processing of 3rd International Universal Communication Symposium (IUCS2009), (2009), pp. 309-314.
(22) NTT Resonant Inc., “goo?????”, goo?????, http://ranking.goo.ne.jp/ (??? 2008? 11? 3?).
(23) Garvin, D. A., Roberto, M. A. ,???????, (2006), pp. 3-33,???????.
